Single polymer polyester composites were recycled by compression moulding and extrusion. The recycled products were formed into films of 5 cm 2 surface area and about 250 µm thick. The paper has presented the influence of recycled materials on the permeability of gases (O2, CO2, N2) and water vapour through the walls of the produced films. The influence of processing on the gas barrier of thin films was also determined. The results obtained were compared with the properties of commercial materials.
Introduction
Permeability (penetrability), solubility and diffusion are the characteristics of a polymer that affect its barrier properties.
Permeation is a mass transport process, wherein the molecules pass through the polymer layer, from the "external environment" to the "internal" one or vice versa, due to diffusion [1] [2] [3] .
The occurrence of a barrier property is particularly desirable when using polymers in industry, especially in packaging applications. Advances in the area of packaging are related to efforts to improve the quality of packaged goods, and extend their "best before" date while increasing the packaging's usability and marketing functions. In order to ensure the quality of packaged goods, not only that of food products, it is necessary to provide appropriate barrier properties against gases and water vapour [1] [2] [3] [4] .
Barrier properties can be developed using an appropriate technology for the manufacture and processing of polymer materials and/or composites. The orientation of macromolecules, which occurs during the processing of semicrystalline materials, improves the order of the polymer's structure which decreases the permeability of the polymer to gas molecules, in particular oxygen and CO 2 . * corresponding author; e-mail: k.pilip@am.szczecin.pl Therefore, it is important to choose an appropriate method of processing and managing the waste from the packaging industry, as it is estimated that 1,005,000 tonnes of materials were used for this purpose in 2016 [5] .
The paper has investigated the influence of the method of material recycling of single-polymer polyester composites on the barrier properties of a polyester film.
The material under study and the study method
The material under study was the film obtained from the material recycling of single-polymer polyester composites [6] , namely a composite of a poly(ethylene terephthalate) matrix modified with glycol (PETG) and reinforced with 20% by weight of poly(ethylene terephthalate) (PET) and this was the material that was processed. These composites were recycled using two methods: blown extrusion (material A) and press moulding (material B). The study was conducted with 12 samples of each material. The thickness of the film was determined using a precise MG-401 thickness meter (made by Elmetron, PL) which has an accuracy of ±1 µm. The measurement results have been presented in Table I .
The water vapour permeability was determined by the weight method according to PN-ISO 2528:2000. The gas permeability was measured with the use of the apparatus for measuring barrier properties that makes use of the manometric method in accordance with ASTM D1434-82.
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Results and analysis
The assessment of the barrier properties of the obtained films is of great importance for application purposes, as it makes it possible to choose the correct recycling method for single-polymer polyester composites. This paper has investigated the ability of gas to penetrate through thin films made by the two methods. The averaged results of the investigations have been shown in Figs. 1 and 2 . Analysis of the results showed an increase in the pressed materials' permeability to water vapour by approximately 11%, in comparison with the extruded film. Similarly it could be observed that the barrier properties, with regard to the permeability of the pressed film to gases, decreased by about 10%. This is probably related to the reorientation of the macromolecules that occurs during the processing (extrusion by blowing), which increased the order of the polymer structure. The reorientation decreased the permeability of the film to water vapour and gases, especially oxygen and CO 2 . Gas penetrability is associated with the structure of the polymer. The polyester mixture studied was a semicrystalline material and, like most polymers of this type, has a decreasing ability to transmit gases with an increase in its crystallinity. There are two explanations for this phenomenon. Firstly, the appearance of impermeable crystallites reduces the amount of the amorphous phase (capable of transmitting the gas). Secondly, the crystallites extend the path of gas penetration through the polymer. The gas permeability increased rapidly as a function of time for the materials under study, creating a similar characteristic, as can be seen in the graph (Fig. 3) . The sharp increase meant that the gas molecules in the sample were non-uniformly scattered. The stream of transmitted oxygen only stabilised when the scattering of the gas particles in the sample became uniform.
Conclusion
The absorbed agent (gas, water vapour) was transported in the polymers as a result of a combination of such phenomena as:
• decomposition of absorbed gas molecules on the polymer's surface,
• diffusion of molecules through the polymer (caused by the concentration gradient),
• desorption from the surface of the material (release of gas from the polymer).
The gas molecules could also move within the polymer matrix due to the free space in the matrix caused by the random structure of the polymer. Various defects, inclusions and cracks may also be the cause of these free spaces. The absorbed gas is dissolved in a solid, which is a thin layer of the polymer. This is a thermodynamic transition, determined by the change of enthalpy (total heat) of the molecules decomposed in the polymer matrix and their occupancy of the free space. From the literature [7] [8] [9] [10] the results showed that molecules are more readily and quickly absorbed by a polymer with more free space than by one with less free space. This was confirmed by certain polymers in a glass-like state with an ordered structure. The free volume of a polymer also depends on its nature and physical state, including the orientation and the physical effect of ageing. These spaces form the basis of diffusion in all polymers.
The purpose of this study was to determine the impact of the method of material recycling of single-polymer polyester composites on the barrier properties of the obtained film. The results obtained for the manufactured materials (for both methods) were consistent with the assumptions presented in the literature [7] [8] [9] [10] [11] . The measurements showed that due to the orientation of the macromolecules being a result of blown extrusion, an improvement of the barrier properties was observed in comparison with a film produced in material recycled by pressing. This has proved that recycling is advisable and has a positive impact on the barrier properties of the recycled materials.
